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Introduction {#sec005}
============

Depression has a high prevalence and is a heavy disease burden. According to statistics, its global prevalence rate is about 4% to 5% \[[@pone.0229626.ref001]\], and about 10% to 20% of people have had various types of depression in their lifetime \[[@pone.0229626.ref002],[@pone.0229626.ref003]\]. It is predicted that by 2020 \[[@pone.0229626.ref004]\]depression will rank second in the global burden of disease. Depression is thought to be the result of genetic predisposition combined with environmental interactions, and the oxidative stress may be one of its pathogenesis \[[@pone.0229626.ref005],[@pone.0229626.ref006]\]. Oxidative stress can lead to decreased brain neurogenesis and increased neuronal apoptosis \[[@pone.0229626.ref007]\], and it can affect the activity of 5-HT neurotransmitters and the metabolic pathways of monoamine neurotransmitters \[[@pone.0229626.ref008]\]. In patients with depression, oxidative stress and lipid per oxidation are enhanced and the total antioxidant capacity is reduced \[[@pone.0229626.ref005],[@pone.0229626.ref006]\], which in turn leads to various depressive symptoms in patients.

Uric acid is the end product of purine metabolism, which has endogenous or exogenous origin. Endogenous uric acid is produced primarily by the degradation of nucleic acids, adenine, and guanine by normal or impending dying cells. Exogenous uric acid is mainly produced by the synthesis of purine produced by animal proteins in the liver, small intestine, muscle tissue, kidney and vascular endothelium \[[@pone.0229626.ref009],[@pone.0229626.ref010]\]. Uric acid is mainly excreted through the kidneys. Increased Serum uric acid (SUA) levels may cause gout, dyslipidemia, cardiovascular disease, high blood pressure, and other physical diseases \[[@pone.0229626.ref011]--[@pone.0229626.ref013]\]. On the other hand, decreased SUA levels may cause neurodegenerative diseases such as Alzheimer's disease, Huntington's disease, Parkinson's disease, and multiple sclerosis \[[@pone.0229626.ref014]--[@pone.0229626.ref016]\]. SUA is a strong antioxidant that provides more than 60% antioxidant activity in plasma \[[@pone.0229626.ref017],[@pone.0229626.ref018]\]. The major mechanisms of uric acid function have been reported including: maintenance of peroxidase activity, which in turn prevents the formation of superoxide and peroxynitrite \[[@pone.0229626.ref019]\]; prevention of cellular enzymes in activation caused by peroxynitrite, which can result in damage to the cytoskeleton \[[@pone.0229626.ref020]\]; and inhibition of iron-dependent ascorbate oxidase by binding to iron, thereby preventing damage caused by oxidative stress \[[@pone.0229626.ref021]\].

There is no consistent pattern for SUA levels in patients with depression. Studies have shown that SUA in depression can be excessively consumed due to an increase in the anti-oxidative stress, and showed a downward trend \[[@pone.0229626.ref022]\], however, other studies have found that SUA levels in patients was higher than controls \[[@pone.0229626.ref023]\]. The reasons for this discrepancy can be associated with several factors; First, in published studies, different diagnostic criteria for depression was used. Currently there are 2widely accepted diagnostic criteria for depression: the International Classification of Diseases-10 (ICD-10) [of Mental and Behavioural Disorders](https://en.wikipedia.org/wiki/ICD-10_Chapter_V:_Mental_and_behavioural_disorders), and the Diagnostic and Statistical Manual of Mental Disorders-V (DSM-V). Importantly, both classifications differ greatly in the diagnostic criteria for depression \[[@pone.0229626.ref024]\]. In addition, depression has a variety of clinical subtypes and SUA may vary in the different subtypes, but previous studies have not considered these parameters. The present study includes patients diagnosed with depression according to ICD-10 diagnostic criteria when they are discharged; it aims to explore the difference of SUA levels between normal control and patients with depression of different subtypes. The feasibility of using SUA as a biomarker of depression is discussed.

Materials and methods {#sec006}
=====================

Study design and population {#sec007}
---------------------------

Patient samples were obtained from the Depression Database in the Research Data Management Platform of Mental Health Center of West China Hospital of Sichuan University. The database recorded all the patients of the Mental Health Center of West China Hospital of Sichuan University since 2009. In this study, inpatients diagnosed for recurrent depressive episode, major depressive disorder, depression with anxiety, bipolar disorder depressive episode according to ICD-10between 2015.1.1--2017.12.31 were included. The healthy control samples were derived from the Laboratory Medicine Center of the West China Hospital of Sichuan University between 2017.1.1--2017.12.31. Exclusion criteria are: repeated hospitalization or multiple physical examinations, age less than 18, lack of SUA data, kidney disease (chronic renal failure, nephritis, nephrotic syndrome, etc.), history of taking drugs that can affect SUA, allergic diseases, metabolic diseases (gout, hyperuricemia), pregnancy or lactation and past smoking history. Overall, samples from a total of 1543 patients and 1515healthy control were obtained.

Patients were treated with antidepressants or mood stabilizers. Most of the antidepressants used were SSRIs such ascitalopram, escitalopram, paroxetine, sertraline. Others including tricyclic antidepressants, monoamine oxidase inhibitors, and other antidepressants such as Doxepin, Morclobemide, Trazodone and Agomelatine. The most commonly used mood stabilizers were lithium carbonate, sodium valproate and carbamazepine.

Data collections and measures {#sec008}
-----------------------------

Demographic characteristics included: gender, age, marriage, ethnicity, education level, length of hospital stay, all data were directly retrieved from the data management platform. SUA data was derived from biochemical examination of blood samples, fasting and empty stomach the day before the blood draw. The specimens were obtained by the nurses of the ward or the medical examination center. The drawing time was about 7:30 in the morning. The blood collection process was completed following a standardized blood specimen collection process developed by the Laboratory Medicine Center of West China Hospital of Sichuan University certified by CPA International. The collected blood samples were sent to the center by the staff of the transfer department within half an hour after the blood collection. The specimens were analyzed by the Roche cobas8000-c702-MSB automatic biochemical analyzer detection system on the same day. The normal values of SUA are considered to be240-490μmol/Land 160--380μmol/L for male and female respectively.

The study was approved by the Medical Ethics Committee of West China Hospital of Sichuan University and implemented in accordance with relevant ethical requirements. The authors had access to information that could identify individual participants during or after data collection.

Statistical analysis {#sec009}
--------------------

The demographic characteristics of the patient group and the normal control group were compared by chi-square test, and the SUA level was compared by independent sample t test. The comparison between the subtype of depression and the normal control group was assessed by analysis of variance and further by LSD (Least Significant Difference) test. Differences in the SUA levels between patients with different hospital length of stays and normal controls were analyzed by analysis of variance and further by LSD test. All of the above analyses used the SPSS18.0 statistical package. The criterion for statistical significance was p \< 0.05.

Results and discussion {#sec010}
======================

Baseline characteristics {#sec011}
------------------------

Patient's and the normal population's age concentrated at 18--34 years, The distribution of other age groups in the two groups was basically the same ([Table 1](#pone.0229626.t001){ref-type="table"}). Most of the participants got married and the percentage was 67.1% and 70.3% in normal population and patient population respectively([Table 1](#pone.0229626.t001){ref-type="table"}). Comparison of demographic characteristics between patient and normal population indicates no significant statistical difference in age(p = 0.137) and marriage (p = 0.532) ([Table 1](#pone.0229626.t001){ref-type="table"}). The majority of the normal population was male (52.8%), while the majority of the patient population was female(69.7%), which was related to women's increased vulnerability to depression. The difference between the two groups was statistically significant (p\<0.001)([Table 1](#pone.0229626.t001){ref-type="table"}).

10.1371/journal.pone.0229626.t001

###### Comparison of demographic characteristics between patient population and normal population.

![](pone.0229626.t001){#pone.0229626.t001g}

  item       categories   normal   patient   χ^2^   *P*              
  ---------- ------------ -------- --------- ------ ------ --------- ---------
  age        18--34       458      30.2      444    28.8   3.156     0.532
             35--44       222      14.7      249    16.1             
             45--54       281      18.5      303    19.6             
             55--64       277      18.3      259    16.8             
             ≥65          277      18.3      288    18.7             
  gender     male         800      52.8      468    30.3   159.087   \<0.001
             female       715      47.2      1075   69.7             
  marriage   unmarried    339      22.4      300    19.4   5.519     0.137
             married      1017     67.1      1084   70.3             
             divorced     86       5.7       76     4.9              
             widowed      73       4.8       83     5.4              

SUA levels between patients and control groups {#sec012}
----------------------------------------------

Comparison of SUA level in the patient and control groups indicates a statistically significant lower levels in the patient group (p\<0.001) ([Table 2](#pone.0229626.t002){ref-type="table"}). In view of the large range of SUA reference values, it was necessary to further explore the exact range of SUA difference between the patient group and the normal control. For this purpose, the value of SUA was divided into five intervals as follow: the normal value of uric acid was equally divided into three intervals including \[240--323.3), \[323.3--406.6) and \[406.6--490), below the lower limit of normal(\<240) and, above the upper limit (\>490) of normal. Comparison with normal controls was analyzed separately for male and female patients (Tables [3](#pone.0229626.t003){ref-type="table"} and [4](#pone.0229626.t004){ref-type="table"}). SUA levels in the male patients and normal population was statistically significant in the \[240--323.3) and \[323.3--406.6) ranges(p\<0.001) however the difference for the female patient and the normal population was only significant in the \[160, 233.3\] range (p\<0.001).

10.1371/journal.pone.0229626.t002

###### Comparison of SUA value between patients and normal.

![](pone.0229626.t002){#pone.0229626.t002g}

           overall   male      female                      
  -------- --------- --------- --------- -------- -------- --------
  N        1515      1543      800       468      715      1075
  *Mean*   337.47    298.54    382.81    355.24   286.73   273.86
  *Sd*     86.02     89.50     78.20     94.71    62.97    74.75
  *t*      12.260    5.326     3.929                       
  *p*      \<0.001   \<0.001   \<0.001                     

10.1371/journal.pone.0229626.t003

###### Comparison of serum uric acid (SUA) in male between patients and normal.

![](pone.0229626.t003){#pone.0229626.t003g}

           SUA\<240μmol/L   240≤SUA\<323.3   323.3≤SUA\<406.6   406.6≤SUA≤490   SUA\>490                                       
  -------- ---------------- ---------------- ------------------ --------------- ---------- -------- -------- -------- -------- --------
  n        14               40               171                132             342        179      205      79       67       36
  *Mean*   214.64           206.63           292.06             283.97          368.06     361.63   441.75   437.50   542.97   561.86
  *Sd*     21.47            27.70            22.41              23.30           24.77      22.47    22.81    22.20    49.08    91.19
  *t*      0.982            3.060            2.993              1.415           -1.156                                         
  *p*      0.331            0.002            0.003              0.158           0.254                                          

10.1371/journal.pone.0229626.t004

###### Comparison of abnormal values of serum uric acid (SUA) in female between patients and normal.

![](pone.0229626.t004){#pone.0229626.t004g}

           SUA\<160μmol/L   160≤SUA\<233.3   233.3≤SUA\<306.6   306.6≤SUA≤380   SUA\>380μmol/L                                          
  -------- ---------------- ---------------- ------------------ --------------- ---------------- --------- --------- --------- -------- --------
  n        6                39               127                294             347              432       186       222       49       88
  *Mean*   141.83           141.01           212.46             204.80          269.386          267.018   336.108   338.305   432.43   434.41
  *Sd*     12.11            14.62            17.68              18.95           20.1367          21.0381   18.9725   20.5153   57.65    59.06
  *t*      0.132            3.880            1.592              -1.122          -0.191                                                  
  *p*      0.896            \<0.001          0.112              0.262           0.849                                                   

SUA between subtypes of depression and normal people {#sec013}
----------------------------------------------------

Statistical analysis showed that SUA levels were different between depression subtypes and normal population (p\<0.001) ([Table 5](#pone.0229626.t005){ref-type="table"}). Further LSD analysis found that the difference of SUA between the patients with recurrent depressive episode, major depressive disorder, depression with anxiety and normal control was statistically significant (p\<0.001). The difference of SUA was not statistically significant between bipolar disorder patients with depressive episode and normal controls (p = 0.223). Interestingly the difference of SUA between bipolar disorder with depressive episode and depressive episode patients was statistically significant (p\<0.001).

10.1371/journal.pone.0229626.t005

###### Comparison of SUA between subtypes of depression and normal people.

![](pone.0229626.t005){#pone.0229626.t005g}

  Subtypes of depression                N      *Mean*   *Sd*    *F*      *P*
  ------------------------------------- ------ -------- ------- -------- ---------
  recurrent depressive episode          220    287.01   83.68   44.448   \<0.001
  major depressive disorder             1066   298.50   89.61            
  depression with anxiety               105    279.89   80.26            
  bipolar disorder depressive episode   152    328.40   96.05            
  normal                                1515   337.47   86.02            

Further LSD test found:

The difference of SUA between the patients with recurrent depressive episode, major depressive disorder, depression with anxiety and normal was statistically significant (p\<0.001).

The difference of SUA was not statistically significant between the patients with bipolar disorder depressive episode and normal (p = 0.223).

The difference of SUA between patients with bipolar disorder depressive episode and major depressive disorder was statistically significant (p\<0.001).

SUA between patients with different length of hospitalization and normal people {#sec014}
-------------------------------------------------------------------------------

Statistical analysis showed that there was a statistically significant difference in SUA levels between patients' different hospital stays and normal population (p\<0.001) ([Table 6](#pone.0229626.t006){ref-type="table"}). Furthermore, LSD test found that among male, the difference of SUA between two and three weeks (p = 0.023) and between two and four weeks (p = 0.005)of hospitalization were statistically significant. However the difference between three weeks and four weeks of hospitalization was not statistically significant (p = 0.424). Among female, there was no statistically significant difference in SUA between patients with the different length of hospital stays (p\>0.05).

10.1371/journal.pone.0229626.t006

###### Comparison of SUA between patients with different hospital stay[\*](#t006fn004){ref-type="table-fn"} and normal people.

![](pone.0229626.t006){#pone.0229626.t006g}

           male      female                                                 
  -------- --------- --------- -------- -------- -------- -------- -------- --------
  N        136       163       112      800      311      408      231      715
  *Mean*   371.13    348.93    340.66   382.81   269.12   273.33   278.72   286.73
  *Sd*     96.9      99.45     85.02    78.2     67.73    76.81    71.65    62.97
  *F*      13.589    6.098                                                  
  *P*      \<0.001   \<0.001                                                

Further LSD test found:

Among male, the difference of SUA between the two weeks of hospitalization and the three weeks was statistically significant(p = 0.023). The difference of SUA between the two weeks of hospitalization and four weeks of hospitalization was also statistically significant (p = 0.005). The difference between the three weeks of hospitalization and the four weeks of hospitalization was not statistically significant (p = 0.424).

Among female, there was no statistically significant difference in SUA between patients with different hospital stays (p\>0.05).

\*Patients hospitalized for one week or longer than four weeks were excluded from statistical analysis, cause of the too small sample size.

Discussion {#sec015}
==========

Epidemiological data suggest that depression has a higher prevalence and morbidity in women. Indeed, the incidence in female is about twice than that in men \[[@pone.0229626.ref025],[@pone.0229626.ref026]\]. The present study sampling method is based on the established inclusion and exclusion criteria. A total of 1,543 patients composed of1075 females and 468 males were analyzed, this represents a ratio of 2.3([Table 1](#pone.0229626.t001){ref-type="table"}). Interestingly this corroborates with reported epidemiological data, indicating that our sample population was representative. Given the difference in the reference values of SUA between female and male genders and the gender composition ratio within the patient groups, the study was stratified by gender, followed by analysis of SUA levels.

Oxidative stress is one of depression pathogenesis. Excessive oxidative stress leads to impaired brain function in patients, leading to various psychiatric symptoms. SUA is a strong antioxidant \[[@pone.0229626.ref027]\] and is constantly consumed to counterattack the oxidative stress. This study showed that SUA level in depression and normal control group was different and statistically significant (p\<0.001), and that the level in patients with depression was lower than that in normal people ([Table 2](#pone.0229626.t002){ref-type="table"}). This finding is consistent with previous research reports. It confirms the role of oxidative stress in the pathogenesis of depression, and also suggests that SUA levels can be used as a biomarker for depression. Because SUA is excessively consumed, the antioxidant function in the brain is reduced leading to the onset of the disease. Therefore, adjusting the SUA level in patients might restore the ability of antioxidant stress and protect the brain function in patients with depression. Given the wide range of normal SUA values, it is worth exploring further the utility of this marker. The present study analyzed the results based on 5 intervals ranges of normal SUA and according to genders. The statistical analysis showed that the difference in SUA levels between the male patient group and the normal control group was statistically significant in two 2 SUA level interval ranges: the \[240, 323.3) and \[323.3, 406.6) (p\<0.001) ([Table 3](#pone.0229626.t003){ref-type="table"}). Whereas the difference in SUA levels between the female patient group and the normal control group was statistically significant in the \[160, 233.3) interval (p\<0.001) ([Table 4](#pone.0229626.t004){ref-type="table"}). These type of analysis and findings have not been mentioned in previous studies. This result indicates that SUA levels in patients with depression show differences compared to normal population only within a specific narrow range of SUA levels. This type of analysis should be taken in consideration when using SUA as a biomarker for depression, even though it was significant only in a small part of the patients. This finding also indicate the importance of identifying additional biological markers for depression.

In recent years, modulation of SUA level was thought to represent a novel target for affective disorder treatment \[[@pone.0229626.ref028],[@pone.0229626.ref029]\]. Although elevated SUA levels may have a protective effect on the central nervous system and may reduce the incidence of depression, on another hand high SUA levels can lead to increased morbidity and mortality due to several pathologies including hypertension, gout, coronary heart disease, stroke and other diseases induced by excessive SUA level. Therefore, the ideal level of SUA should be able to procure central nervous system protection while reducing the risk of inducing other diseases \[[@pone.0229626.ref030]\]. If the regulation of SUA levels is used as a treatment for depression, then the possible effect of SUA on the other potential diseases should be taken into account and the benefit for patients should be weighed instead of blindly regulating this marker by diet or medication, The current antioxidant treatments, whether given in prophylactic or therapeutic setting, are not always beneficial and can be harmful for human health \[[@pone.0229626.ref031]\]. According to this study findings, if the adjustment of SUA level would be used as a treatment for depression, it is recommended to intervene only within patients having circulating SUA levels within the lower normal range.

As per ICD-10 diagnostic criteria, depression includes multiple subtypes, and the differences in SUA levels between the normal populations and the disease subtypes have been less studied in previous studies. The present study found that the difference between SUA in patients with recurrent depressive episode, major depressive disorder, depression with anxiety compared to normal control was statistically significant (p\<0.001) ([Table 5](#pone.0229626.t005){ref-type="table"}). This is consistent with previous reports, but the difference of SUA between patients with bipolar disorder depressive episode and normal controls was not statistically significant (p = 0.223) ([Table 5](#pone.0229626.t005){ref-type="table"}). Previous studies showed that SUA production was increased in mania patients due to the dysfunction of purinergic system, and the SUA levels were higher than normal \[[@pone.0229626.ref032],[@pone.0229626.ref033]\]. Patients with depression have an increased SUA consumption due to oxidative stress \[[@pone.0229626.ref022]\] which in turn shows lower levels of SUA compared to normal population \[[@pone.0229626.ref034],[@pone.0229626.ref035]\]. There is no difference in SUA between bipolar disorder depressive episode and normal populations. One explanation for this later finding is that the production and the consumption of SUA might occur at the same time, in order to maintain a balance. Based on this, we could assume that when the production of SUA is higher than the consumption, the symptom of mania will display more, and when the production of SUA is lower than the consumption, it's the symptom of depression that will show more in bipolar disorder depressive episode patients. This advanced hypothesis requires further research.

The difference of SUA between patients with bipolar disorder depressive episode and major depressive disorder was statistically significant (p\<0.001)([Table 5](#pone.0229626.t005){ref-type="table"}). According to this result, It could be hypothesized that SUA may be a biomarker for the differentiation of unipolar and bipolar affective disorder. In outpatients and inpatients, as well as in children and adolescents, bipolar disorder with depressive episodes is often misdiagnosed as major depressive episodes \[[@pone.0229626.ref036]\]. This is due to the doctor's personal interpretation of the diagnostic criteria and symptom description given the patients. In addition, the absence of biomarker for reference makes it difficult to make the right diagnosis which increases the ambiguity in making the right diagnosis. It is necessary to do more researches to further show the specific efficacy of SUA as a biomarker for distinguishing these two diseases in future.

Hospitalization is an important part for treatment of acute depression. The length of hospital stay is directly correlated to the severity of the illness. The results showed that among male, the difference of SUA between the two weeks of hospitalization and three weeks (p = 0.023) and between two and five weeks (p\<0.001) was statistically significant ([Table 5](#pone.0229626.t005){ref-type="table"}). In general, patients with mild illnesses have shorter hospital stays, and those with severe illnesses have longer hospital stays. The SUA level in male patients who were hospitalized for two weeks was higher than in those hospitalized for three or four weeks, indicating that SUA was more consumed as the condition worsened. The average hospitalization day is currently the focus of government, patients and medical institutions. How to better predict the hospitalization time of patients is a problem worth exploring, however it lacks objective monitoring parameters, according to the result of this study, SUA level may be considered.

This study presents several limitations. First, it's a single-center study, mainly involving Han nationality patients; however given that China is a multi-ethnic country with a large population, it's impossible to have a nation-wide representative population. Secondly, the current research included a single biomarker. For a more comprehensive analysis, identifications of additional biomarkers warrant consideration. Furthermore, this study used patient hospital discharge diagnosis to identify the target population; however the patient population was treated by different doctors within the same hospital. The diagnosis of depression and depression subtypes might be different between different doctors, and this might affect the overall research results. It will be interesting the run the same study with patients' samples from same center and treated with same doctor.

Conclusions {#sec016}
===========

Overall, our analysis showed that SUA level in patients with depression is lower than that in normal population, but this difference is mainly reflected in the lower level of normal SUA value. This finding should be considered by the medical staff treating patients. The length of hospital stay may be associated with SUA, and when it is difficult to make a differential diagnosis of bipolar disorder depressive episode and major depressive disorder, the level of SUA may be considered. Although we can't draw the conclusion that SUA is a biomarker of depression according to the present results, it has certain reference value for subsequent related researches.

Supporting information {#sec017}
======================

###### Data used in this study.

(SAV)

###### 

Click here for additional data file.
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The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: No

Reviewer \#2: No

Reviewer \#3: No

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: No

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The authors examined the difference in serum uric acid levels between depression and normal population in a large cohort, and they demonstrated that the levels of serum uric acid was lower than that in normal control, as well as higher serum uric acid levels in bipolar depressive episode compared to major depressive disorder. Furthermore, they demonstrated higher serum uric acid levels in male patients who were hospitalized for two weeks than in those who were hospitalized for three weeks or four weeks.

This study is interesting, and this study includes positive findings.

I wrote several comments below.

1\. In methods, they should write how to treat the blood in detail (drawing time, processing and storage conditions).

2\. In methods, there are no information of patient\`s medication, such as antidepressants or mood stabilizers).

3\. In methods; how to evaluate non-psychiatric controls?

4\. In methods; they wrote that they exclude repeated hospitalization. Did all patients who participated in this study admit first time? Please write this exactly.

5\. In results; did raw serum uric concentration values did follow a Gaussian distribution? If not, the data should be natural log-transformed before the analysis.

6\. In results and discussion; they often wrote that SUA can be used as a biomarker for depression. Although they showed that the levels of serum uric acid was lower than that in normal control, as well as higher serum uric acid levels in bipolar depressive episode compared to major depressive disorder, they did not show the usefulness of biomarkers. They should show a sensitivity and specificity.

7\. In conclusion, they wrote that SUA can be biological marker to predict the severity of the disease. However, they did not show the severity of patients and treatments in this study. I think this conclusion is not proper.

8\. In limitations, it is better to write that the differences in serum uric acid levels between bipolar depressive episode and major depressive disorder may reflect different treatments between them (not reflect different diagnosis).

Reviewer \#2: The authors investigated the difference in serum uric acid concentration between subtypes of depression and normal population in a cohort comprising 1543 depression patients and 1515 healthy controls. They further analysed whether serum uric acid can be used to identify bipolar disorder depressive episode and major depressive disorder and also asked the question if it can be used as a biomarker to predict the length of hospital stay. They found lower concentrations of uric acid in patients with depression compared to the controls and higher concentrations in patients with bipolar disorder depressive episodes compared to patients with major depressive disorder.

The research question is interesting but I have several concerns:

\- The differences in uric acid concentrations seem to be rather small even in those groups where the difference is statistically significant. The authors categorized the patients according to their uric acid concentration in five groups and then perform five t tests. I wonder if an adjustment for multiple testing would be appropriate here. Anyway, are the differences in uric acid concentrations clinically meaningful? How large is the overlap in the uric acid distributions between the cases and the controls?

\- Was it really one of the aims to analyse uric acid as a biomarker for hospital stay? Or was this only added because the p value was significant? I would not present this result so prominently because I do not see the use of it.

\- It would be a large improvement if the authors could replicate their findings in another study but I am aware of the fact that this might be difficult to accomplish.

\- Patients with hyperuricemia have been excluded from the study. How many patients with depression also suffer from hyperuricemia?

\- Do the authors have any information on other markers of oxidative stress?

\- Only very few characteristics of the study population are presented and possible confounding cannot be assessed. Is information regarding inflammation markers of e.g. coronary heart disease available? Depression and coronary heart disease might be linked vi inflammation or one may increase the risk of developing the other.

\- The authors first state that "all data are fully available without restriction" but then state that "Data cannot be shared publicly because of the request of our hospital". So I think the first statement will have to be changed.

\- There are some typos and repeatedly whitespaces are missing. The language should be revised. The unit of uric acid is given as umol//L instead of µmol/L.

\- In all the tables as well as in the text a number of p values is reported as 0.00. I would recommend to report three digits. Please report the actual p value and use something like p\<0.001 for very low p values.

\- Table 1 is not referenced in the text.

\- Why did the authors categorize age? They could use it as continuous variable.

\- Was uric acid normally distributed? It would be interesting to look at the distribution in the different patient groups, perhaps in form of box plots.

Reviewer \#3: The manuscript described a technically sound piece of scientific research with data that supports the conclusions. and the experiments have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions have drawn appropriately based on the data presented. The manuscript is technically sound, and the data support the conclusions. But the authors have not made all data underlying the findings in their manuscript fully available.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Shusuke Numata

Reviewer \#2: No

Reviewer \#3: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Serum uric acid a depression biomarker

PLOS ONE

Dear Mr. Meng,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

The reviewers addressed some major and minor concerns about your manuscript. Please revise your manuscript carefully.

We would appreciate receiving your revised manuscript by Feb 22 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

• A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.

• A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.

• An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Kenji Hashimoto, PhD

Academic Editor

PLOS ONE

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

Reply

Amended. I downloaded the style templates from the website above and amended my manuscript (see pages in the Revised Manuscript with Track Changes)

2\. Thank you for stating the following beneath the Acknowledgments Section of your manuscript Funding Financial support for this research was from Ministry of Science and Technology of People\'s Republic of China (National key research and development plan). Name of the project is study on the precise diagnosis and treatment model of schizophrenia based on multi-omics map, and the item number is 2016YFC0904300.

We note that you have provided funding information that is not currently declared in your Funding Statement. However, funding information should not appear in the Acknowledgments section or other areas of your manuscript. We will only publish funding information present in the Funding Statement section of the online submission form.

Please remove any funding-related text from the manuscript and let us know how you would like to update your Funding Statement. Currently, your Funding Statement reads as follows:

\"The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

a\. Please provide an amended Funding Statement that declares \*all\* the funding or sources of support received during this specific study (whether external or internal to your organization) as detailed online in our guide for authors at <http://journals.plos.org/plosone/s/submit-now>

b\. Please state what role the funders took in the study. If any authors received a salary from any of your funders, please state which authors and which funder. If the funders had no role, please state: \"The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.\"

c\. c. Please include your amended statements within your cover letter; we will change the online submission form on your behalf.

Reply

Amended. I removed the funding-related text in the manuscript (see page10 in the Revised Manuscript with Track Changes) and uploaded the Funding Statement according to the guide for authors above. I included my Amended statements within my cover letter according to the suggestion from the editor (see Revised Cover letter).

3\. We note that you have indicated that data from this study are available upon request. PLOS only allows data to be available upon request if there are legal or ethical restrictions on sharing data publicly. For information on unacceptable data access restrictions, please see

<http://journals.plos.org/plosone/s/data-availability#loc-unacceptable-data-access-restrictions>.

In your revised cover letter, please address the following prompts:

a\) If there are ethical or legal restrictions on sharing a de-identified data set, please explain them in detail (e.g., data contain potentially identifying or sensitive patient information) and who has imposed them (e.g., an ethics committee). Please also provide contact information for a data access committee, ethics committee, or other institutional body to which data requests may be sent.

b\) If there are no restrictions, please upload the minimal anonymized data set necessary to replicate your study findings as either Supporting Information files or to a stable, public repository and provide us with the relevant URLs, DOIs, or accession numbers. Please see <http://www.bmj.com/content/340/bmj.c181.long> for guidelines on how to de-identify and prepare clinical data for publication. For a list of acceptable repositories, please see <http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories>.

We will update your Data Availability statement on your behalf to reflect the information you provide.

Reply

Amended. At the time of submission, we did not fully understand the requirements for data upload. After consulting our hospital\'s management agency, the data used in this study can be uploaded. We have uploaded the data while uploading the revised manuscript and noted this in the cover letter.

4\. We note you have included a table to which you do not refer in the text of your manuscript. Please ensure that you refer to Table 1 in your text; if accepted, production will need this reference to link the reader to the Table.

Reply

Amended (see page5 in the Revised Manuscript with Track Changes)

5\. Please include your tables as part of your main manuscript and remove the individual files. Please note that supplementary tables should be uploaded as separate \"supporting information\" files.

Reply

Amended (see page5-6 in the Revised Manuscript with Track Changes)

6\. Please include captions for your Supporting Information files at the end of your manuscript, and update any in-text citations to match accordingly. Please see our Supporting Information guidelines for more information: <http://journals.plos.org/plosone/s/supporting-information>

\[Note: HTML markup is below. Please do not edit.\]

Reply

Amended (see page12 in the Revised Manuscript with Track Changes)

Reviewers\' comments:

Reviewer\'s Responses to Questions

Comments to the Author

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: No

Reviewer \#2: Partly

Reviewer \#3: Yes\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: No

Reviewer \#3: Yes

\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The PLOS Data policy requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: No

Reviewer \#2: No

Reviewer \#3: No

\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: No

Reviewer \#3: Yes

\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1:

The authors examined the difference in serum uric acid levels between depression and normal population in a large cohort, and they demonstrated that the levels of serum uric acid was lower than that in normal control, as well as higher serum uric acid levels in bipolar depressive episode compared to major depressive disorder. Furthermore, they demonstrated higher serum uric acid levels in male patients who were hospitalized for two weeks than in those who were hospitalized for three weeks or four weeks.

This study is interesting, and this study includes positive findings. I wrote several comments below.

1\. In methods, they should write how to treat the blood in detail (drawing time, processing and storage conditions).

Reply

Amended (see page4 in the Revised Manuscript with Track Changes)

2\. In methods, there are no information of patient\`s medication, such as antidepressants or mood stabilizers).

Reply

Amended (see page3 in the Revised Manuscript with Track Changes)

3\. In methods; how to evaluate non-psychiatric controls?

Reply

The non-psychiatric control group in this study was derived from the physical examination population in our hospital. Before the physical examination personal information registration was required, including personal past history, present history, and family history. In view of the possible stigma of patients with psychiatrics, there are two cases of the authenticity of the medical history information provided by the population. One is to provide a completely true history of the individual\'s psychiatric illness, and the other is to conceal the individual\'s history of the mental illness. When we designed the study, two different methods were used to solve it. For the former, they were excluded based on the records in the personal information registration form. For the latter, this study did not find a better solution except including them. The reasons are as follows: 1. Patient's information sharing between medical institutions in China has not yet been realized, so it is impossible for us to know the patient\'s medical records in other medical institutions. 2. Illness is a patient\'s privacy. If the person seeking for medical examination is unwilling to provide it, the medical institution has no right to investigate further. But according to our experience we supposed that the person deliberately concealing their past and present history were very few, and for prudence, we consulted a statistician he supposed that the impact on the final study results was very small.

4\. In methods; they wrote that they exclude repeated hospitalization. Did all patients who participated in this study admit first time? Please write this exactly.

Reply

The inpatient information system used by our hospital can record the number of hospitalizations of each patient. According to this, for patients with only one record were selected, and for patients with several records only the relevant data for the first record were selected, but this did not guarantee that all patients included in this study would be their first hospitalization. The reasons are as follows: 1. The source of the data used in this research derived from the inpatient information system of our hospital. Before the system was used, our hospital used the paper version of the disease records. Therefore, the first hospitalized patient recorded in the information system may have been hospitalized in our hospital before. 2. China\'s hospitalization information for patients has not been shared between medical institutions. Patients may have been hospitalized in other hospitals before coming to our hospital for the first time.

5\. In results; did raw serum uric concentration values did follow a Gaussian distribution? If not, the data should be natural log-transformed before the analysis.

Reply

The histogram and P-P chart were used to judge the distribution of the uric acid value. According to the result, the values followed the Gaussian distribution.(Figure 1-2)

Figure 1 P-P diagram and histogram of uric acid distribution in normal population

Figure 2 P-P diagram and histogram of uric acid distribution in patients

6\. In results and discussion; they often wrote that SUA can be used as a biomarker for depression. Although they showed that the levels of serum uric acid was lower than that in normal control, as well as higher serum uric acid levels in bipolar depressive episode compared to major depressive disorder, they did not show the usefulness of biomarkers. They should show a sensitivity and specificity.

Reply

In results and discussion, the discussion of serum uric acid as a biological marker that distinguishes bipolar disorder depressive episode and major depressive disorder is indeed not deep enough. This is mainly related to the purpose of this study. Through the current design of this study, only preliminary discovery of serum uric acid may be a biological marker that distinguishes the two diseases. To assist clinical diagnosis, a large sample survey and relevant statistical analysis are needed to clarify the serum uric acid reference and the sensitivity and specificity of these two types of patients. After that the value of serum uric acid may help clinicians to better distinguish the two diseases based on the patient\'s symptoms and serum uric acid level. These will be the focus of our next research.

7\. In conclusion, they wrote that SUA can be biological marker to predict the severity of the disease. However, they did not show the severity of patients and treatments in this study. I think this conclusion is not proper.

Reply

The judgment of the severity of the patients in this study was based on the length of the patient\'s hospitalization. According to the principle of diagnosis and treatment, the clinician will continuously evaluate the patient\'s condition dynamically during the hospitalization. Therefore, the length of hospital stay can indirectly reflect the severity of the patient\'s condition. Generally speaking, patients with less severe illnesses have shorter hospital stays, and patients with more severe illnesses have longer hospital stays. Therefore, this study combined the differences in uric acid levels between patients with different lengths of hospital stay, and concluded that uric acid uric acid may be a biological indicator reflecting the severity of the patient\'s illness.

8\. In limitations, it is better to write that the differences in serum uric acid levels between bipolar depressive episode and major depressive disorder may reflect different treatments between them (not reflect different diagnosis).

Reply

The uric acid data of patients in this study were obtained from blood specimens collected on the day of admission or the day after admission. At this time the patient did not receive treatment or the patient\'s medication has just begun. Therefore, we thought that the difference in uric acid levels between the bipolar disorder depressive episode and major depressive disorder at this time reflected the difference between the two diseases. Therefore, we have concluded that uric acid can be used as a reference for the differential diagnosis of these two diseases.

Reviewer \#2:

The authors investigated the difference in serum uric acid concentration between subtypes of depression and normal population in a cohort comprising 1543 depression patients and 1515 healthy controls. They further analysed whether serum uric acid can be used to identify bipolar disorder depressive episode and major depressive disorder and also asked the question if it can be used as a biomarker to predict the length of hospital stay. They found lower concentrations of uric acid in patients with depression compared to the controls and higher concentrations in patients with bipolar disorder depressive episodes compared to patients with major depressive disorder.

The research question is interesting but I have several concerns:

\- The differences in uric acid concentrations seem to be rather small even in those groups where the difference is statistically significant. The authors categorized the patients according to their uric acid concentration in five groups and then perform five t tests. I wonder if an adjustment for multiple testing would be appropriate here. Anyway, are the differences in uric acid concentrations clinically meaningful? How large is the overlap in the uric acid distributions between the cases and the controls?

Reply

From the overall comparison of the uric acid level between the normal and patient populations, the difference was statistically significant (see Table 2). Combined with previous research literature, the difference between the two groups, and clinician recommendations, we comprehensively consider the difference had clinical meaning, so the results of this statistical analysis were presented in the final paper. In view of the large range of uric acid reference values, previous studies have failed to determine the specific range of differences in uric acid values between the normal population and depression patients, so this study segmented them based on uric acid reference values and uric acid abnormality values, and finally the specific interval of the difference in uric acid value between the normal population and depression patients. Statistical analysis showed that after subdividing the uric acid value interval, the difference of the uric acid value between the normal population and the depression patient population was statistically significant. Although the value of the difference was small, the results of this study have explored the role of uric acid in the pathogenesis of depression. This may have certain clinical meaning.

\- Was it really one of the aims to analyze uric acid as a biomarker for hospital stay? Or was this only added because the p value was significant? I would not present this result so prominently because I do not see the use of it.

Reply

The length of hospital stay is a focus of the society, the government, and medical institutions. Shortening the length of hospitalization is of great significance for reducing the burden of hospitalization for patients and the expenditure of government medical insurance. At present, medical staff\'s assessment of the expected length of stay of newly admitted patients is mainly based on personal experience and information obtained through interviews, physical examinations and medical history collection. This practice has certain shortcomings. If some kind of biological marker can be used as a reference, it is likely to improve the accuracy of prediction. So we considered it at the beginning of the study design. The reason for linking them was that, according to our clinical observation, the length of hospital stay of patients with severe depression was longer than that of patients with less severe illness. Based on the role of oxidative and antioxidant stress in the pathogenesis of depression, we speculated that patients with long hospital stays may have lower uric acid levels than those with short hospital stays. We therefore included the length of hospital stay and analyzed its relationship with uric acid. We only got the preliminary conclusions, which needed further verification in the future.

\- It would be a large improvement if the authors could replicate their findings in another study but I am aware of the fact that this might be difficult to accomplish.

Reply

As pointed out by reviewing experts, there were some shortcomings in this study indeed, but after consulting clinicians and statisticians, we believed that these existing shortcomings would not have a fatal impact on the final research results. If possible, we will carry out one more rigorous designed study in conjunction with valuable suggestions from reviewers, and conduct a more comprehensive and in-depth verification of the research results.

\- Patients with hyperuricemia have been excluded from the study. How many patients with depression also suffer from hyperuricemia?

Reply

The hyperuricemia in this study referred to patients who had been explicitly diagnosed with the disease in their past history at the time of admission. For those who had the first uric acid test result after hospitalization that was above the upper limit of normal value and reached the definition of uric acid level for hyperuricemia were included in this study and analyzed as a separate group (see Table 3-4). In this study, 26 patients were explicitly diagnosed to have hyperuricemia.

\- Do the authors have any information on other markers of oxidative stress?

Reply

According to the results of the previous literature review and the supplementary review of the literature after obtaining this recommendation, the oxidative stress-related markers in patients with depression are arranged as follows:

\(1\) Malondialdehyde

MDA is the final decomposition product of the oxidation reaction of polyvalent unsaturated fatty acids in the body, which will cause cross-linking between DNA molecules, and also cause internal cross-linking of protein molecules to affect the quality and quantity of enzyme proteins, leading to changes in biofilm structure and increased permeability causing cell damage. Its content reflects the level of free radicals in the tissue and the degree of lipid peroxidation \[1\]. Significant increases in plasma malondialdehyde levels have been reported in patients with depression \[2,3\].

\(2\) Inflammatory cytokines

Studies have shown that although there is no widespread immune activation in patients with depression, but with the clinical symptoms of depression, the levels of pro-inflammatory cytokines such as IL-1β, IL-6 and TNFα increase in the blood \[4\]. After antidepressant treatment, the above indicators showed a downward trend, suggesting that these inflammatory factors may be indicators of the state of depression \[5\].

\(3\) Cyclooxygenase

Cyclooxygenase mainly catalyzes arachidonic acid to produce prostaglandins. Under stress, the expression of cyclooxygenase is significantly enhanced and it is involved in the regulation of inflammatory responses in many tissues. These reactions involve the occurrence and development of neuropsychiatric disorders such as depression and Alzheimer\'s disease \[6,7\].

\(4\) Active nitrogen

Nitric oxide has a neurotransmitter or modulatory effect. It transmits information between cells and regulates many behavioral and endocrine responses. But too much nitric oxide release is neurotoxic, leading to hippocampus damage and may play an important role in the pathogenesis of depression \[8\].

\(5\) Oxygen free radical

Excessive oxygen free radical can damage mitochondrial respiratory chain activity and mitochondrial DNA structure, and then reduce intracellular ATP synthesis, eventually causing mitochondrial permeability change, and a large amount of oxidative active substances released, the latter directly attack cell biological macromolecules, causing cell oxidative damage. Oxidative stress and mitochondrial dysfunction play important roles in the pathogenesis of depression \[9,10\].

\[1\] Niki E , Yoshida Y , Saito Y , et al. Lipid peroxidation: Mechanisms, inhibition, and biological effects\[J\]. Biochemical & Biophysical Research Communications, 2005, 338(1):0-676.

\[2\] Sarandol A , Sarandol E , Eker S S , et al. Major depressive disorder is accompanied with oxidative stress: short-term antidepressant treatment does not alter oxidative-antioxidative systems \[J\]. Human Psychopharmacology: Clinical and Experimental, 2007, 22(2):67-73.

\[3\] Lipid peroxidation and antioxidant protection in patients during acute depressive episodes and in remission after fluoxetine treatment \[J\]. Pharmacological Reports, 2009, 61(3):436-447.

\[4\] Goshen I , Kreisel T , Ben-Menachem-Zidon O , et al. Brain interleukin-1 mediates chronic stress-induced depression in mice via adrenocortical activation and hippocampal neurogenesis suppression\[J\]. Molecular Psychiatry, 2008, 13(7):717-728.

\[5\] Olga J.G. Schiepers, Marieke C. Wichers Cytokines and major depression\[J\]. Progress in Neuro Psychopharmacology & Biological Psychiatry 2005,29(2):201--217.

\[6\] Black P H . Stress and the inflammatory response: A review of neurogenic inflammation \[J\]. Brain Behavior and Immunity, 2002, 16(6):0-653.

\[7\] Choi D K , Koppula S , Choi M , et al. Recent developments in the inhibitors of neuroinflammation and neurodegeneration: inflammatory oxidative enzymes as a drug target\[J\]. Expert Opinion on Therapeutic Patents, 2010, 20(11):1531-1546.

\[8\] Brocardo P S , Budni J , Kaster M P , et al. P.2.d.019 Antidepressant-like effect of the acute administration of folic acid in mice\[J\]. European Neuropsychopharmacology, 2006, 16(06):S343-S343.

\[9\] Rezin G T , Cardoso M R , Cinara L Gonçalves, et al. Inhibition of mitochondrial respiratory chain in brain of rats subjected to an experimental model of depression\[J\]. Neurochemistry International, 2008, 53(6-8):395-400.

\[10\] Gong Y , Chai Y , Ding J H , et al. Chronic mild stress damages mitochondrial ultrastructure and function in mouse brain\[J\]. Neuroscience Letters, 2010, 488(1):76-80.

\- Only very few characteristics of the study population are presented and possible confounding cannot be assessed. Is information regarding inflammation markers of e.g. coronary heart disease available? Depression and coronary heart disease might be linked vi inflammation or one may increase the risk of developing the other.

Reply

The existing demographic characteristics were relatively small. Currently, only age, gender, and marriage included. But education, ethnicity, and ethnicity weren't included. The reason for this is mainly related to the source of the control group selected in this study. The normal control group in this study was derived from the physical examination population in our hospital. (1) Researchers have not been able to obtain the education level information of medical examiners in the electronic information management system of the physical examination crowd. (2) The researchers included ethnic groups in the analysis of the data, but found that most of the ethnic groups studied were Han ethnic groups, and very few were ethnic minorities. Therefore, no special comparative analysis was performed on them. The information was ultimately not presented in the research results. (3) The patients diagnosed and treated by our medical institution are basically yellow races, and other races are basically non-existent, and the current patient information electronic record system of our hospital uses a text format when recording this information. For this reason, the demographic characteristics of race are not presented separately in the study results. During the design phase of this study, we considered the possible impact of the lack of demographic characteristics on the final results, so we consulted a statistical expert. He thought that our concerns were justified, but combined with the reasons we mentioned above, and considering that this study was a large sample study, it was believed that a small demographic feature will have an impact, but it should not be enough to change the final results of the study. After discussion by the research team, finally decided not to include the above demographic characteristics in the analysis. We will try our best to pay attention to the suggestions of reviewers when we do similar researches in the future.

The question of whether there are indicators of inflammatory markers for certain diseases such as coronary heart disease. We did not consider it during the study design and implementation stages, mainly because the uric acid involved in this study was not related to inflammatory markers of various diseases. However, during the data collection stage, the past history of patients was included, and some of them did have various chronic physical diseases.

\- The authors first state that "all data are fully available without restriction" but then state that "Data cannot be shared publicly because of the request of our hospital". So I think the first statement will have to be changed.
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Amended and the data will be uploaded with the revised manuscript.

\- There are some typos and repeatedly whitespaces are missing. The language should be revised. The unit of uric acid is given as umol//L instead of µmol/L.
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Amended (see pages in the Revised Manuscript with Track Changes)

\- In all the tables as well as in the text a number of p values is reported as 0.00. I would recommend to report three digits. Please report the actual p value and use something like p\<0.001 for very low p values.
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Amended (see pages in the Revised Manuscript with Track Changes)

\- Table 1 is not referenced in the text.
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\- Why did the authors categorize age? They could use it as continuous variable.
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Age was only used to analyze whether there was a statistical difference between the normal population and the patient population in the study (Table 1). It wasn't included in the relevant statistical analysis of uric acid as a biological marker of depression. Generally speaking, to facilitate the description of age, it was categorized. At the same time, researchers have also referred to the description of age in the papers published by international journals. Finally, we decided to categorize age.

\- Was uric acid normally distributed? It would be interesting to look at the distribution in the different patient groups, perhaps in form of box plots.

Reply

The histogram and P-P chart were used to judge the distribution of the uric acid value. According to the result, the values followed the normal distribution.(Figure 1)

Figure 1 P-P diagram and histogram of uric acid distribution in patients
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Dear Dr. Meng,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.
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Dear Dr. Meng:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Prof. Kenji Hashimoto
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